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Description

[0001] Growing concerns regarding domestic security
have created a critical need to positively identify individ-
uals as legitimate holders of credit cards, driver’s licens-
es, passports and other forms of identification such as
those for the military or drivers of hazardous materials,
or school teachers, etc. The ideal identification process
is reliable, fast, and relatively inexpensive.
[0002] A well-established method for identification is
to compare a fingerprint with a previously obtained au-
thentic fingerprint of the individual. Fingerprints have tra-
ditionally been collected by rolling an inked finger on a
white paper. Attempts to employ an electronically imaged
fingerprint method use, as a key component, a solid-state
device such as a capacitive or optical sensor to capture
the fingerprint image in a digital format.
[0003] A typical fingerprint comprises a pattern of ridg-
es separated by valleys, and a series of pores that are
located along the ridges. The ridges are usually 100 to
300 mm wide and can extend in a swirl-like pattern for
several mm to one or more cm. These ridges are sepa-
rated by valleys with a typical ridge-valley period of ap-
proximately 250-500 mm. Pores, roughly circular in cross
section, range in diameter from about 60 mm to 240 mm
and are aligned along the ridges and can be isolated or
grouped into two or more abutting or near abutting fea-
tures. There are typically more than 400 pores within a
fingerprint region with a frequency of occurrence of about
21 pores/ cm of ridge length. Almost all present-day fin-
gerprint identification procedures use only ridge/valley
minutiae patterns. These are simplified and identified as
a pattern of ridge/valley features such as end points, del-
toids, bifurcations, crossover points, and islands, all to-
gether referred to as minutiae. Typically, a relatively large
area of the fingerprint is required in order to obtain
enough unique minutiae features, for example, at least
12.7 x 12.7 mm (0.50 x 0.50 inches). Most modem fin-
gerprint imagers therefore use up to 6.5 cm2 (one full
inch square) or even larger, in order to obtain enough
features to perform a useful means of identification. Fin-
gerprints are compared using primarily this simplified de-
scription of the minutiae patterns.
[0004] Due to the more demanding resolution require-
ments necessary to successfully image friction ridge de-
tail and/or pores, and the requirements for enrolling and
analyzing such high resolution imagines, there are no
commercial devices available today that use friction ridge
detail and pores for fingerprint identification, even though
there are typically 7 to 10 ten times as many pores as
minutiae in a given fingerprint area. A typical fingerprint
image as small as 2.54 x 2.54 mm (0.1 x 0.1 inches) may
only contain 2-5 minutiae points, not enough to reliably
identify a unique individual. The same area, however,
may typically contain as many as 40 to 50 pores and
several thousand ridge contour details, which along with
a few minutiae points can positively identify an individual
reliably.

[0005] EP 0 194 783 discloses an uneven-surface data
detection apparatus.
[0006] US 4,053,228 discloses a fingerpress interro-
gated by a light beam directed through the front surface
of a glass plate, the back surface of which a finger is
pressed against.
[0007] Most optical designs proposed for creating fin-
gerprint images suffer important limitations that reduce
their usefulness in real life applications. Many designs
are not suitable, for example, to resolve pore patterns or
fine detail of the contour of the intersection of ridges and
valleys in the fingerprint. Other designs produce distorted
images that complicate fingerprint correlation, such as
due to trapezoidal distortions, or due to presence of latent
fingerprints, or due to the presence of moisture on the
skin surface, and still other designs are too bulky or del-
icate for convenient use in the field.
[0008] Accordingly, there is a need for a compact, high-
resolution device that reliably operates over a broad
range of temperatures.
[0009] The present invention provides an apparatus
for, and a method of, acquiring an image of skin topology,
as defined in the independent claims.
[0010] The dependent claims define further embodi-
ments of the invention.
[0011] The apparatus and the method of the instant
invention produce undistorted images of high resolution
by employing a compact design. Specifically, the appa-
ratus of the present invention produces a high-contrast,
high-resolution image by illuminating the image surface
at a shallow angle, thus inducing total internal at the in-
terface of the imaged surface and the surface that the
imaged surface is in contact with. Apparatus of the
present invention is portable and can work in a wide range
of temperatures due to employing diffractive holographic
optical elements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The foregoing and other objects, features and
advantages of the invention will be apparent from the
following more particular description of preferred embod-
iments of the invention, as illustrated in the accompany-
ing drawings in which like reference characters refer to
the same parts throughout the different views. The draw-
ings are not necessarily to scale, emphasis instead being
placed upon illustrating the principles of the invention.

FIG. 1 is a schematic diagram of one embodiment
of the apparatus of the present invention.
FIG. 2 shows a portion of an example which is not
part of the invention of a device that employs spatially
separated DOEs.
FIG. 3 is an illustration of a portion of a device of
FIG. 1.
FIG. 4 is a schematic diagram of one embodiment
of an imaging system of the present invention.
FIG. 5 is a schematic diagram showing one embod-
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iment of the imaging system of the present invention,
that employs a plurality of light sources.
FIG. 6A shows the distortion as a function of field for
one embodiment of the imaging system of the
present invention.
FIG 6B shows the modulation transfer function
(MTF) as a function of frequency for the system as
modeled for FIG. 6A.
FIG 7A shows the distortion as a function of field for
one embodiment of the imaging system of the
present invention.
FIG 7B shows the modulation transfer function
(MTF) as a function of frequency for the same spe-
cific reader system as modeled for FIG. 7A.
FIG. 8A shows a fingerprint acquired by an embod-
iment of the present invention as depicted in FIG. 4.
FIG. 8B illustrates the effect of salt water on finger-
print images acquired by an embodiment of the
present invention as depicted in FIG. 4.

DETAILED DESCRIPTION OF THE INVENTION

[0013] A description of preferred embodiments of the
invention follows.
[0014] The apparatus of the present invention compris-
es an illumination system, with an illumination source and
optical elements for beam shaping and for directing the
light from the illumination source, a skin-contact window
that acts as a skin-contact surface, an imaging system
comprising optical elements for beam shaping and di-
recting the light reflected from the skin-contact window
and for imaging said light to a detector, a detector, and
optionally an image processing system.
[0015] The illumination system comprises an illumina-
tion source and optical elements for beam shaping the
light from said source. The illumination source may be,
by way of example, at least one coherent or monochro-
matic light source, or at least one incoherent light source,
one or more of at least one laser, light-emitting diode
(LED), tungsten lamp, or fluorescent lamp. The preferred
illumination sources are compact, efficient (require low
power), and inexpensive such as a semiconductor laser
or an LED. The illumination source may optionally be
arranged as a grouping of LED elements or laser ele-
ments, or combinations thereof, so as to homogenize the
intensity of the illumination over the area from which the
image of the skin surface is to be obtained. Said illumi-
nation system also incorporates one or more optical el-
ements for the beam shaping of the illumination system’s
radiation source. Said beam shaping, by way of example,
uses optics that include at least one diffractive optical
element (DOE) as a first DOE, referred to herein as the
Illuminating or Illumination DOE, and uses other optics
such as one or more refractive, or reflective optical ele-
ments or combinations thereof.
[0016] In one embodiment of this invention, the beam
shaping optics of the illumination system comprises an
Illumination DOE and a reflective fold-mirror. Other com-

binations of diffractive, refractive and reflective optical
elements are also contemplated by this invention. The
Illumination DOE in one embodiment preferably colli-
mates at least one radiation point source of the illumina-
tion system and additionally directs the at least one dif-
fracted collimated beam towards the skin-contact surface
or window. An apparatus of this invention that optionally
incorporates an illumination system comprising diffrac-
tive optical elements (DOEs) and a plurality of sources,
preferably comprises DOEs that are a combination of
volume holograms that may be physically distinct and/or
colocationally multiplexed in the same volume of the DOE
material. In this manner, the volume holograms can effi-
ciently combine multiple sources of the illumination
source into a single beam of a desired wavefront that can
be used to illuminate the skin area under examination.
When the illumination system of this invention comprises
one source, then a single hologram may be used as the
Illumination DOE.
[0017] In one embodiment of the present invention, the
at least one Illumination DOE has substantially the same
diffraction efficiency across its clear aperture and its op-
tical prescription and position are preferably determined
in accordance with the numerical aperture and uniformity
profile of the illumination source such that a beam of rea-
sonable uniformity illuminates the region of skin to be
examined. In an alternative embodiment, the diffraction
efficiency of the at least one Illumination DOE is non-
uniform and the non-uniformity in said efficiency is pref-
erably the inverse match to the non-uniformity of the pro-
jected illumination source. In this manner the DOE-based
illumination system is able to transform a nonuniform op-
tical beam from the illumination source and create a re-
gion of uniform illumination for illuminating the skin to-
pology.
[0018] The skin-contact surface or window forms the
superstrate surface of an optically transparent substrate.
The area of the window is preferentially at least as large
as a typical thumbprint or is at least larger than the area
of the skin surface that is to be imaged, and, by way of
example, may be large enough to correspond to at least
an area for the skin surface of more than one finger or
thumb. Although not required by the current invention the
surface is often planar. Optionally, the skin-contact win-
dow can have curvature to aid in illuminating and/or im-
aging the skin surface of at least one finger or thumb. In
typical embodiments of the invention, light from the illu-
mination system is directed by the Illumination DOE
through the substrate to the skin-contact window with an
incident angle at the superstrate surface that is large
enough for total internal reflection (TIR) at the window-
to-air interface.
[0019] The imaging system of the present invention
comprises optical elements for beam directing and shap-
ing light reflected from the skin-contact window, and an
image capture device. The beam directing and shaping
optics includes at least a second DOE, referred herein
as an Imaging DOE, and use of other optics such as one
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or more reflective and refractive optical elements or com-
binations thereof is also possible. In one embodiment,
the Imaging DOE diffracts the light incident to it from the
Illumination DOE, and which is reflected from the skin-
contact window or superstrate layer thereon, and said
Imaging DOE thereby redirects and partially focuses said
light that has reflected from the surface of the skin-contact
window or superstrate layer thereon. The redirected light
from said Imaging DOE is, by way of example, addition-
ally directed through a conventional refractive lens sys-
tem, comprising at least one lens element, or optionally
through a diffractive lens system or combinations thereof,
and onto the focal plane of the image capture device.
The Imaging DOE in combination with one or more re-
flective, diffractive or refractive optical elements, or com-
binations thereof, can operate so as to focus and thereby
demagnify the skin area onto the image capture device.
Said demagnification can be by one demagnification ra-
tio, AI/AF, where the ratio has a value less than 1.0 and
where AI is the area of the captured fingerprint image on
the sensor and AF is the area of the skin area on the
superstrate layer. Alternatively, said demagnification can
be selected from a group of at least two different demag-
nification ratios, AI1/AF and AI2/AF. In yet another embod-
iment, the demagnification value AI/AF may represent a
continuum of values such as those that range from
AI_min/AF to AI_max/AF.
[0020] The image capture device of the imaging sys-
tem of the present invention is, by way of example, typ-
ically at least one solid state CCD or CMOS detector
array. The detector(s) captures the image which is typi-
cally converted to a digital form of the image. The cap-
tured image optionally is uploaded to a computer for im-
age storage and, additionally, image analysis may be
carried out on said uploaded images.
[0021] The described imaging system of the apparatus
of this invention collects the light that is reflected from
the skin-contact window or superstrate layer thereon and
images it onto a sensor. When skin with topological struc-
ture such as friction ridges in finger and palm prints is
pressed against the skin-contact window or superstrate
material thereon, raised portions of the skin will make
direct contact with the said window or superstrate mate-
rial and an air gap will form between recessed portions
of the skin topological structure and said window or su-
perstrate material. Direct skin contact at the surface of
the skin-contact window or superstrate material prevents
TIR of the illumination light so that light that strikes these
skin-contact regions partially transits the window-to-skin
interface or superstrate layer-to-skin interface and is ab-
sorbed and scattered by the skin. In contrast, light that
strikes the surface of the superstrate layer at air gap re-
gions, such as those corresponding to recessed portions
of the skin topological structure comprising valleys and/or
pores, undergoes TIR at the window-to-air or superstrate
material-to-air interfaces and is imaged by the imaging
system onto the image capture device or detector.
[0022] It is preferable that light reflected from the skin

surface, or the interface of the window or superstrate
layer and raised portions of the skin topology that contact
said window or superstrate layer, is not imaged onto the
sensor. One method of minimizing reflectivity at the in-
terface of the window or superstrate layer and raised por-
tions of the skin topology is to select a material for the
window, or a layer of material for coating the window,
that has a refractive index that closely matches the index
of refraction of skin.
[0023] Said imaging system of the apparatus of the
present invention is in general composed of a single or
a plurality of optical elements wherein each optical ele-
ment can be refractive, diffractive, or reflective. In one
embodiment, the imaging system is composed of an Im-
aging DOE and at least one additional optical element.
In alternative embodiments the Imaging DOE may oper-
ate to diffract light incident on said DOE to a preferred
direction whereupon imaging is carried out with one or
more refractive or diffractive optical elements or combi-
nations thereof. In further embodiments, the imaging
DOE may be translated so that light directed by the illu-
mination DOE reflects internally at least twice, such as
once at the superstrate surface of the skin-contact win-
dow and once at the opposing substrate surface, so as
to translate the reflected light that is to be imaged by an
amount that substantially separates it from ambient light
that otherwise may transmit into the imaging DOE and
onto the image capture device. In a preferred embodi-
ment, said Imaging DOE is designed to redirect the re-
flected light from the window or superstrate layer such
that it propagates at an angle substantially normal to said
interface.
[0024] The Imaging DOE, in addition to redirecting said
reflected beam, may optionally have optical power such
that it focuses the reflected beam. The Imaging DOE pref-
erentially acts as a field lens and thereby diffracts the
incident light onto said DOE into a focused cone of rays
that are imaged by at least one additional optical element
such as a second set of optics that may be reflective,
refractive or diffractive, or combinations thereof. In one
embodiment the second set of optics has one optical
power, whereas in another embodiment it may have more
than one optical power and may have a continuous range
of optical powers, much like a zoom optical system, or it
may have discrete additional optical powers. In this man-
ner, the imaging optical system can image a large area
of the skin, and by using at least one demagnification the
other imaging optics, such as a second set of optics, can
be appreciably smaller in diameter than the object area
being imaged. The imaging DOE acting as a field lens in
combination with one or more refractive and/or diffractive
optical elements can operate so as to demagnify the skin
area by one or more demagnification ratios, AI/AF, where
the ratio has values less than 1.0 and where AI is the
area of the captured fingerprint image on the sensor and
AF is the area of the skin area on the skin contact surface.
[0025] Variations of the present invention can be im-
plemented to enhance performance. For example, light
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can be directed to the skin-contact window or superstrate
material thereon at an incident angle that is large enough
for TIR at the window-to-water or superstrate material
-to-water interface (water can also include water com-
prising salts such as from sweat) but not large enough
for TIR at the window-to-skin or superstrate material -to-
skin interface. This embodiment is advantageous in that
condensed water, such as from sweat, does not distort
the imaging of the skin topology, in particular the pore
structures and friction ridge topology. In addition the illu-
mination system can direct light to the skin-contact win-
dow or superstrate material thereon at an incident angle
that is large enough for TIR at the window-to-skin-oil or
superstrate material -to-skin-oil interface but not large
enough for TIR at the window-to-skin or superstrate ma-
terial -to-skin interface. This embodiment preferably elim-
inates interference from latent prints caused by skin oil
deposited on the contact window or superstrate material
thereon.
[0026] Reduction of reflections at the window-skin or
superstrate material-to-skin interface can increase im-
age contrast. One method of minimizing this reflectivity
is to choose a superstrate layer material that has an index
of refraction that matches the index of refraction of skin
as closely as possible. In another embodiment, the skin-
contact window surface is coated with a thin-film coating
that is designed for low reflectivity for a window-skin in-
terface or for improving optical contact between the
raised portion of the skin topology and the window sur-
face. A film that is elastomeric and/or has hydrophilic
chemical structure at the surface can be used to improve
said optical contact. These coatings can be intended for
permanent use, such as those that may be sputtered or
deposited onto the surface, or chemisorbed to the sur-
face, or alternatively they can be films of materials that
are applied to the window surface. Said materials can,
by way of example, be single-use layers that are disposed
in a stack of thin films, the bottom layer of said stack
disposed so as to contact the window, wherein the su-
perstrate layer in the stack can be peeled apart from the
next lower layer in said stack. Alternatively, the single
use said films are applied individually so as to contact
the window and are preferably removed prior to placing
the next said film onto the window. Said materials can
preferably be removed, either from the next layer in said
stack or from the window material, such that residual or-
ganic and/or inorganic material deposited from the skin
or from the layer itself is not present on the superstrate
surface, said surface being either the next layer in said
stack or the window material, or if it is present then it
does not cause imaging of latent fingerprints. Addition-
ally, said material can protect the window material from
deposits of chemical compounds from the skin surface,
thereby preventing formation of latent prints of the skin
topology which can otherwise contaminate the surface
and thereby compromise the fidelity of captured images
of the skin topology.
[0027] Additionally the imaging apparatus of this inven-

tion can use two or more wavelengths for another aspect
of the illumination system that instead illuminates the skin
contact surface at angles less than the angle for TIR.
Light from the at least two wavelengths that is diffuse
reflected from areas of the skin topology that contact the
skin surface is then imaged to a detector wherein the
ratio of diffuse reflectivity for the at least two wavelengths
is determined to analyze whether the skin topology is
from a live finger. For instance reflectance from skin of
a live finger at a wavelength of about 650 nm will be about
two times greater than reflectance from a live finger at
about 550 nm, and about 1.5 times greater than reflect-
ance from a live finger at about 500 nm. The optimal
ratios of reflectance of specific wavelengths in the visible
region, to make a determination of the finger being a live
finger, can be selected by those experienced in the art
and, by way of example, the spectral reflectivity versus
wavelength characteristics of skin can be found in the
publication "Understanding the color of human skin", Eli
Angelopoulou, GRASP Laboratory, University of Penn-
sylvania.
[0028] The spectrum of skin is closely related to
chromophores in the skin, and thus spectrum of fingers
that are not live will not exhibit reflectivity bands at 540
nm, 580 nm and 630 nm (see L.A. Brunsting, C. Sheard,
"The color of the skin as analyzed by spectrophotometric
methods: II. The role of pigmentation", The Journal of
Clinical Investigation, Vol. 7, pp. 574-592, 1929). Addi-
tionally, the dermis contains blood vessels and thus ab-
sorption spectrum of skin exhibits characteristic absorp-
tion bands at 420 nm and in also in the 545 - 575 nm
range due to the presence of oxygenated hemoglobin,
provided the skin is not heavily pigmented.
[0029] In one example, the Illumination DOE and the
Imaging DOE are placed in a plane parallel to the window
of the imaging apparatus but sufficiently far from said
window such that in relationship to the angle and size of
the beam of light that propagates within the window ma-
terial and illuminates the skin under examination, these
two DOEs can be spatially separated from each other.
In this example, baffles and apertures can optionally be
used such that no light from illumination source can es-
cape the imaging apparatus. In a second embodiment,
these DOEs are alternatively placed close enough to the
window such that they are substantially overlapping. For
this second embodiment, light may escape the imaging
apparatus due to DOEs that are not 100% efficient,
meaning that their diffraction efficiency is not 100%. Op-
tionally with this second embodiment, as well as with the
first embodiment, the imaging apparatus of this invention
can be designed such that only when skin covers or
presses against the window, does the reader system al-
low (through shutters or by turning on power to the illu-
mination source) light to illuminate the window. In the
said second embodiment, the two DOEs can be fabricat-
ed in two separate optical elements or combined into the
same DOE media layer sandwiched by one pair of sub-
strates. Since the light rays of a reader system with over-
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lapping DOEs must pass through both DOEs when illu-
minating the skin, and through both DOEs upon reflecting
at the skin-window interface, it is preferential that said
DOEs are volume diffractive elements such as those fab-
ricated, by way of example, using photopolymerizable
materials or photorefractive crystals. Bragg diffraction
characteristics can be optimized when using volume grat-
ings for the DOEs such that the holograms have theoret-
ically 100% diffraction efficiency for light propagating in
one direction versus another.
[0030] For the example wherein the DOEs are spatially
separated, these DOEs may be volume holograms, but
may also be, by way of example, surface-relief gratings,
since the requirement of high-efficiency gratings is not
as critical when the light rays of the imaging apparatus
propagate through each DOE only once.
[0031] The second set of imaging optics is preferen-
tially designed such that in conjunction with the design
of the Imaging DOE, a location for an aperture stop is
fixed. Said aperture stop may, for example, be located
between the Imaging DOE and the second set of imaging
optics or may be located between one or more optical
elements that comprise the second set of imaging optics.
Said aperture stop is a preferred component of the reader
system in that the acceptance diameter of the aperture
stop controls the numerical aperture of the scattered light
reflected from the skin and thereby its diameter affects
the performance of the overall optical system.
[0032] Said second set of imaging optics, whether for
one optical power or a grouping or range of optical pow-
ers, is also preferentially designed such that the image
space is telecentric. In this manner, slight errors in place-
ment of the detector with respect to the image plane result
in a minimal magnification error. When the image space
is telecentric it preferably allows a sharp notch filter to be
incorporated into the optical system near the image
plane. Said notch filter preferably allows only the wave-
lengths of the light from the illumination source to be im-
aged at the detector plane and rejects other light that
may enter the system such as from the ambient environ-
ment of the reader system. Examples of such notch filters
may include those comprising dichroic layers for filtering
visible wavelengths, such as those made with layers of
TiO2/SiO2, and also for filtering near infrared wave-
lengths. Other suitable filters may be absorbance type
which transmit the desired wavelengths and absorb the
wavelengths that are preferably not to be detected. The
more confined the angles of incidence are on a notch
filter, the sharper the cutoff can be.
[0033] Similarly, for the purposes of contrast enhance-
ment, the illumination source is preferentially polarized
and in such cases a linear polarizer is preferably placed
in the imaging system to serve as an analyzer of the light
being reflected from the skin. Skin, being a volume scat-
terer, will depolarize the beam, so by accepting only light
into the detector that is of the original polarization of the
illumination source, the contrast of the collected images
of the skin can be maximized. Said linear polarizer, by

way of example, may be a separate optical element, a
polymer sheet that is laminated to the notch filter of the
optical system if one is present, or incorporated into the
cover window of the detector, or the diffraction charac-
teristics of the Illumination and/or Imaging DOE may
serve to achieve the desired polarization filtering.
[0034] The detector of the optical system is preferen-
tially composed of a two-dimensional (2-D) array of pho-
tosensitive elements of sufficient density and number
such that the electronic image collected has the desired
resolution and size. The signal from the detector array
that codes the 2-D electronic image of the skin topology
may be passed directly out of the reader system to an-
other electronic system capable of processing the data,
but preferentially the reader system itself is able to per-
form some initial data processing. This data processing
may entail numerous image processing algorithms that,
by way of example, can include rotation, flipping, thresh-
olding, equalization, subsampling, and binning. The im-
aging apparatus may also contain memory and additional
CPU power to do direct comparisons of the skin topology
features and to make certain classification and/or iden-
tifications of said skin topology.
[0035] Referring to FIG. 1, imaging apparatus 100 is
depicted that is capable of imaging skin topology. The
skin topology 101 to be imaged is placed on the window
103 of the imaging system. As illustrated, skin topology
101 being imaged is the fingerprint of a finger 104, but
the apparatus of the present invention is not restricted to
fingerprints and may be used to image other surface to-
pology, which by way of example, may include palm prints
and toe prints. The imaging system contains an illumina-
tion source 107. Illumination source 107 can be, but is
not restricted to, at least one laser diode, or LED, or fil-
ament lamp, or fluorescent lamp. Illumination source 107
is preferentially a high-efficiency point source such as an
LED or a laser diode, as will be discussed in further detail
below. Ray 109 from the illumination source 107 passes
by optional aperture 108 that controls the numerical ap-
erture (NA) of the illumination source and is then reflect-
ed, by way of example, from fold mirror 110 that is sup-
ported by mechanical mounts 130. Although not required
for the present invention, fold mirror 110 allows the im-
aging apparatus to be more compact. Fold mirror 110
has surface 111 that is preferably highly reflective at the
wavelength or wavelengths of emission of illumination
source 107. Ray 109 is therefore reflected off of surface
111 and reflected ray 112 passes through substrate block
106 and into the at least one diffractive optical element
that is located in the grating region 105. Substrate block
106 is composed of material that is substantially trans-
parent to wavelengths of the illumination source.
[0036] Referring to FIG. 2, in an example which is not
part of the invention, the imaging apparatus of the present
invention comprises two diffractive optical elements
(DOE), referred to as Illumination DOE 205a and Imaging
DOE 205b. The diffractive optical elements are, by way
of example, preferably holographic optical elements. Il-
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lumination DOE 205a is designed to diffract the light in-
cident upon it (ray 212) and collimate it, and thereby direct
the resultant collimated light (ray 213) towards skin-con-
tact surface 202 at an angle with respect to window 200.
Imaging DOE 205b of the present invention is designed,
by way of example, to accept light reflected (ray 214)
from skin-contact surface 202 and diffract ray 214, and
thereby redirect it to imaging optics 218. As used herein,
the term "imaging optics" describes one or more optical
elements that focus rays reflected from skin-contact sur-
face 202 onto image detector 221.
[0037] The Illumination and Imaging DOEs may be sur-
face-relief or volume holograms. In one example, the
gratings are spatially overlapping. It is preferable that the
gratings of the Illumination and the Imaging DOEs be
volume holograms. With reference to FIG. 2, the recon-
struction conditions of Illuminating DOE 205a and Imag-
ing DOE 205b are preferably such that the Illuminating
DOE 205a can only reconstruct the wavefront of the light
from illumination source 207 (ray 212 being diffracted
into ray 213), while the Imaging DOE 205b can only re-
construct the wavefront of the light reflected from the skin-
contact surface 202 (ray 214 being diffracted into ray
215). This property eliminates cross-talk between the
DOEs that would exist if the holograms were alternatively
formed by surface-relief gratings.
[0038] With reference to FIG. 2, the two volume DOEs
may comprise gratings that are spatially separated in y
or z directions (as shown) or they may be co-locationally
multiplexed volume gratings.
[0039] The HOEs can be recorded, for example, in low
shrinkage photopolymerizable recording media pro-
duced by Aprilis, Inc. (Maynard, MA).
[0040] Referring to FIG. 3, image contrast is optimized
in the captured fingerprint obtained with the apparatus
of the present invention if the reflection of light from ridges
327 of the skin topology is minimized, while the reflection
of light from valleys 326 and pores of the skin topology
is maximized. This may be further advantageously ac-
complished by applying a coating, such as a hydrophilic
coating, to the skin-contact surface 302 that improves
the degree of optical contact for ridges 327. Alternatively,
one can use a window material that has an index of re-
fraction that as closely matches the index of refraction of
the finger as possible as a method of suppressing reflec-
tions from ridges 327. Since skin has a relatively low in-
dex of refraction that is in the 1.38 to 1.43 range, suitable
candidate materials for the window include, but are not
limited to, silicones or low-index glass such as fused silica
or Coming Pyrex™.
[0041] With reference to FIG. 2, the angle θ is the angle,
which ray 213 makes with the normal to skin-contact sur-
face 202. In one embodiment, the angle θ is near normal
incidence, thereby making the device more compact in
the z-direction (i.e. lateral direction).
[0042] In another embodiment, θ is an angle greater
than the total internal reflection (TIR) angle for the inter-
face between the material of skin-contact surface 202

and air. In this embodiment, the light from the illumination
source (ray 213) does not escape out of the device, im-
proving the contrast and reducing the eye safety hazard.
Illumination ray 213 can only escape the material of skin-
contact surface 202 if another material having the index
of refraction greater than that of the material of skin-con-
tact surface 202, such as skin, makes contact with skin-
contact surface 202.
[0043] In another embodiment, the angle θ is set to an
angle greater than the TIR angle for the interface between
water and the material of skin-contact surface 202. In this
embodiment, the skin-contact surface 202 has an index
greater than 1.33. Consequently, light will not escape the
material of skin-contact surface 202 if anything of index
about 1.33 or lower is placed in contact therewith.
[0044] The advantage of this third embodiment is evi-
dent from the example of imaging a fingerprint where
water vapor, such as from sweat, has collected between
the ridges of the skin and/or is in the pores. If θ is smaller
than the TIR angle for the interface between the material
of skin-contact surface 202 and waster, the fingerprint
cannot be imaged since both the areas where the finger
makes contact with skin-contact surface 202 and the ar-
eas where it does not allow light ray 213 to be transmitted
out of the material of skin-contact surface 202. As a result,
no light is reflected toward image detector 221 signifi-
cantly impairing the contrast of the captured image.
[0045] In another embodiment, the angle θ is larger
than the TIR angle for the interface between the material
of skin contact surface 202 and skin oil. According to G
L Thomas and T E Reynoldson, in J. Phys. D: Appl. Phys,
Vol. 8, pp 724-729 (1975), the refractive index of oils
deposited from fingers is distributed in range of values
between about 1.40 and 1.54 with the main portion of the
distribution being in the range of values between about
1.42 and 1.52 at 551 nm. These values are consistent
with the refractive indices of most of the long chain fatty
material found in finger deposits. In this embodiment, if
skin oil fills the ridges of the skin, image detector 221 will
still be able to distinguish the contrast between the ridges
and the valleys.
[0046] Note that for the embodiments described
above, regarding incident angles θ having varying de-
grees of TIR, the upper bounds of the incident angles θ
will be the angle that is TIR for the interface between the
material of skin-contact surface 202 and skin.
[0047] It is preferred that light source employed by the
device of the present invention be a point source, such
as at least one LED or laser. With reference to FIG. 2, if
illumination source 207 is a point source. and a device
of the present invention is designed so that light ray 213,
illuminating a fused silica (n=1.46) skin-contact surface
202 totally internally reflects (TIR) when materials having
an index of refraction less of than 1.34 is in contact with
surface 202, then achieving TIR requires the angle θ 1A
to be greater than 66.6°. To ensure that no TIR takes
place when skin (lower bound of index of refraction equal
to 1.38) is in contact with surface 202, however, requires
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that the incident angle of light ray 213 be less than 70.9°.
Therefore, it is preferred that illumination source 207 be
a point source or other source of a well-defined wavefront
that can be collimated to better than 4.3°, thereby ensur-
ing that the light illuminating surface 202 will undergo TIR
for indices less than 1.34 but not for skin of index of re-
fraction of 1.38.
[0048] Referring again to FIG. 1, if the Illumination DOE
within grating region 105 is not 100% efficient, a portion
of light ray 112 will not be diffracted, but continue to prop-
agate as ray 160 towards skin contact surface 102 at an
angle less than the TIR angle for that interface. In some
embodiments, it may be desired that ray 160 be elimi-
nated. Accordingly, in one embodiment, the device of the
present invention is equipped with an optional system
that detects when an object (e.g., a finger) is pressed
against skin contact surface 102. One skilled in the art
can design numerous systems capable of detecting the
presence of an object pressed against a surface. In the
example shown in FIG. 1, substrate block 106 is mounted
to springs 140. When sufficient force is applied to skin-
contact surface 102, a contact 141 makes contact with
contact 142. Although not drawn, these two contacts
may, by way of example, be wired to circuit board 122 in
a manner such that they complete a circuit when the said
two contacts touch each other. The electronics of circuit
board 122, after detecting that said circuit has been com-
pleted allows the illumination source 107 to illuminate
skin-contact surface 102. The illumination of surface 102
can be accomplished by providing for a shutter (not
drawn) to open, wherein said shutter may, for example,
be a mechanical or opto-electronic shutter, or alterna-
tively by turning on the power to the illumination source.
[0049] Referring to FIG. 1, ray 114, reflected from skin-
contact surface 102 is diffracted by the Imaging DOE
within the grating region 105. Preferentially, the diffracted
ray 115 propagates substantially normal to skin-contact
surface 102. Additionally, the Imaging DOE preferably
also focuses the beam of rays 115, thereby serving as a
field (objective) lens for the imaging system. Diffracted
ray 115 is reflected by fold mirror 110, thereby forming
ray 116 that is directed into imaging optics 118. Imaging
optics 118 includes one or more lens elements config-
ured to relay an image of the skin-contact interface (i.e.
the image of skin topology 101) onto at least one two-
dimensional (2-D) sensor 121 that is mounted on circuit
board 122. As used herein, the term "lens element" refers
to one or more elements having optical power, such as
lenses, that alone or in combination operate to modify an
incident beam of light by changing the curvature of the
wavefront of the incident beam of light.
[0050] Preferentially, imaging optics 118 is designed
to be telecentric in image space, thereby allowing sensor
placement errors to result in minimal magnification error
and reducing the angular requirements on optional spec-
tral filter 119. Optional spectral filter 119 may be added
to improve the contrast of the image by minimizing the
amount ambient light, such as room light or sunlight, de-

tected by 2-D sensor 121. Spectral filter 119 is preferen-
tially designed to transmit light of the wavelengths emit-
ted by light source 107 and filter out light of other wave-
lengths such as by absorbing and/or reflecting said light
at other wavelengths. Examples of such filters may in-
clude those comprising dichroic layers for filtering visible
wavelengths, such as those made with layers of
TiO2/SiO2, and also for filtering near infrared wave-
lengths. Other suitable filters may be absorbance type
which transmit the desired wavelengths and absorb the
wavelengths that are preferably not to be detected such
as by use of dye compounds. One skilled in the art can
place a spectral filter elsewhere within the imaging sys-
tem of the present invention, such as on the lower surface
of substrate block 106 or on the skin-contact surface 102,
in lieu of or in conjunction with spectral filter 119. Alter-
natively, a spectral filter can be placed between imaging
optics 118 and 2-D sensor 121 such as by incorporation
on the cover glass of the sensor 121 or as an element of
the imaging optics 118. In another embodiment, surface
111 of mirror 110 can be constructed with a coating that
reflects only the wavelengths and angles of incidence
the illumination source and the illumination system are
designed to produce.
[0051] Sensor 121 suitable for using in an apparatus
of the present invention can be, for example, at least one
solid state charge-coupled device (CCD) or complemen-
tary metal-oxide-semiconductor (CMOS) detector array.
[0052] In one embodiment, the contrast of the image
is improved through polarization control. Since skin is a
volume scatter, it will depolarize light that reflects from
it. Therefore, to achieve the highest contrast between
areas with skin contact, such as ridges 327 in FIG. 3, and
areas without skin contact, such as 326 in FIG. 3, it is
preferred that the light imaged onto 2-D sensor 121 of
FIG. 1 be polarized.
[0053] Referring to FIG. 2, in one example, source 207
may be inherently polarized (as is the case for some sem-
iconductor lasers) or a linear polarizer (not shown) may
be placed in front of source 207. Preferentially, the po-
larization of source 207 matches the polarization orien-
tation that provides for maximum diffraction efficiency of
the DOEs 205a and 205b.
[0054] In another example, either Illumination DOE or
Imaging DOE or both can be polarization-sensitive. Re-
ferring, for example, to FIG. 2, illumination DOE 205a
can be polarization-sensitive and its diffraction efficiency
for one polarization is very high (preferentially >90%),
while its diffraction efficiency for the orthogonal polariza-
tion is low (preferentially <10%).
[0055] Generally transmission volume holograms and
surface relief gratings are polarization sensitive, and thus
diffraction efficiency of the hologram can be significantly
reduced when reconstructing a hologram with, for exam-
ple, p-polarized light, if the grating is designed for s-po-
larized light. Polarization insensitive volume holograms,
however, can also be recorded in materials that are suf-
ficiently thick or exhibit large refractive index modulation
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or combinations thereof, and such holograms can also
be used in the apparatus of the present invention.
[0056] Alternatively, and referring now to FIG. 1, to filter
the depolarized light reflected from skin, linear polarizer
120 may be placed between imaging optics 118 and de-
tector 121. One skilled in the art can place polarizer 120
at other locations and even, for example, record Illumi-
nation and/or Imaging DOEs within garting layer 105 so
that these DOEs are polarization sensitive and thereby
behave as linear polarizers.
[0057] In another embodiment, depolarized light is fil-
tered out by employing Imaging DOE 205b (FIG. 2) that
is polarization-sensitive.
[0058] Referring to FIG. 1, the image captured by 2-D
sensor 121 can be processed by image processing elec-
tronics 150 integrated into one or a plurality of circuit
boards 122. Image processing electronics 150 can be
programmed to perform image processing algorithms
such as, but not limited to, flipping, rotating, subsampling,
binning, and edge detection. The processed electronic
image may be sent to an external computer (not shown)
for further image processing or data storage or may be
stored in one or more memory chips of the imaging ap-
paratus depicted as element 151.
[0059] In one embodiment, in which the data is relayed
to an external computer, the processed image may be
sent to an external computer by using bulk connector 123
attached to circuit board 122 and data cable 124. Alter-
natively, the data can be transmitted wirelessly, such as
by using any of the known protocols and, by way of ex-
ample, a Wireless Local Area Network (WLAN). The ap-
paratus of the present invention, such as device 100 de-
picted in FIG. 1, can contain an internal power supply
such as a battery (not shown) or can receive the electrical
power it requires from a cable that may be the same one
as data cable 124. This can be achieved, for example,
by using USB 2.0 or IEEE 1394 Firewire protocols. Al-
ternatively, power supply can use a separate cable (not
drawn) as is the case for CameraLink®.
[0060] As described above, Illumination and Imaging
DOEs may comprise gratings that are spatially separated
(not part of the present invention) or co-locationally mul-
tiplexed (part of the present invention). FIG. 1 depicts an
embodiment where the DOEs are multiplexed and, ac-
cordingly, are recorded within the same physical volume.
In another example, and as illustrated in FIG. 2, Illumi-
nation and Imaging DOEs 205a and 205b may be record-
ed in two separate grating regions that may abut or, as
depicted, are spatially separated by a distance along at
least one axis. The two DOEs 205a and 205b can be
spatially separated by having transparent region 200 of
sufficient thickness. Region 200 can be composed of a
material having the same or nearly the same index of
refraction as the material of skin-contact surface 202. In
this example, light diffracted by the Illumination DOE
205a propagates through region 200 and the material of
skin-contact surface 202 at approximately the same an-
gle θ. In order for Illumination DOE 205a to be spatially

separated from Imaging DOE 205b, it is preferable that
the distance "d" between DOEs 205a and 205b and skin-
contact surface 202 satisfy the following inequality 

where D is width of skin-contact surface 202 to be illumi-
nated (see FIG. 2).
[0061] To further separate the DOEs 205a and 205b
and thereby aid additionally in stray light management,
another example of the invention requires that distance
d satisfy the following inequality 

[0062] In this manner, the region of the skin being ex-
amined will not be directly above either Illumination DOE
205a or Imaging DOE 205b. Therefore, opaque layer 262
can be placed directly above Illumination DOE 205a.
Opaque layer 262 will operate so as to block undiffracted
light 203 from escaping the apparatus of the present in-
vention.
[0063] Although source 207 is depicted as being nor-
mal to substrate block 206, it may be oriented at an angle
as shown with respect to light source 407 in FIG. 4.
[0064] Referring again to FIG. 2, in one embodiment,
opaque layer 262 is preferentially placed above imaging
DOE 205a such that light emanating from outside of the
device does not enter region 200 and enter into imaging
optics 218, which would otherwise introduce optical noise
to the image detected by 2-D sensor 221.
[0065] In another embodiment, it is preferred that, as
depicted in FIG. 2, light ray 204 (a ray undiffracted by
imaging DOE 205b) propagates at an angle that does
not allow it to enter imaging optics 218 and be detected
by 2-D sensor 221. FIG. 4 illustrates an example of an
optical system designed according to this invention to
operate as a skin surface topology imaging system and
to satisfy the imaging requirements as specified by the
FBI AFIS (Automated Fingerprint Identification System)
Level 2 Appendix F. (See also Revised Appendix F and
Appendix G for Processing Flats (IAFIS Image Quality
Specifications) for Electronic Fingerprint Transmission
Specification. Revision: April 5, 2004)
[0066] The embodiment of FIG. 4 employs illumination
source 407 that comprises a single green InGaN LED
(Model #NSPG500S from Nichia Corporation). The plas-
tic lens of the LED (not shown) is ground and polished
down flat such that the LED approximates a point source.
LED source 407 is powered via cable 453 that is attached
to controller board 454. Controller board 454 is config-
ured to control sensor board 422 that includes 2-D sensor
421, drive illumination source 407 with the required cur-
rent and voltage, and to supply a means of communicat-
ing with and means of accepting power from an external
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piece of equipment, which by way of example, may be a
computer (not shown).
[0067] In a preferred embodiment, controller board 454
is designed to accept a USB 2.0 input, but may be de-
signed for Firewire, wireless 802.11 g or a host of other
communication protocols.
[0068] Referring to FIG. 4, illumination DOE 405a is
fabricated by sandwiching a 50-mm layer of Aprilis (May-
nard, MA) photopolymer material between two float glass
substrates 460 and 462. Illumination DOE 405a is fabri-
cated holographically by recording a wavefront with a
doubled Nd:YAG laser (λ = 532 nm) such that the diverg-
ing beam of the Nicchia LED of illumination source 407
(positioned approximately 100 mm from said Illumination
DOE 405a) is collimated and directed at an angle of θ =
62.7° inside of float glass substrates 460 and 462 (of
index 1.515 each). The angle θ of the light is chosen such
that the illumination light (ray 464) would remain at TIR
condition at the interface defined by skin contact surface
402 provided that a material of index of refraction less
than 1.34 is in contact with skin-contact surface 402. In
this manner, water condensing on surface 402 due to
changes in temperature, humidity, rain, or sweat from a
candidate’s fingers will not impede the ability of the device
to capture a fingerprint.
[0069] Illumination DOE 405a is glued, using a com-
mercially available UV-curable adhesive (Norland 681,
Norland Products, Cranbury, NJ), to Imaging DOE 405b.
Similarly to DOE 405a, Imaging DOE 405b comprises a
sandwich of two float glass substrates 466 and 468. Pref-
erably, glass substrates 466 and 468 encase a 25-mm
layer or thicker layer of Aprilis photopolymer material.
[0070] The interface where the above-mentioned UV-
curable adhesive is applied is interface 470. It is prefer-
able that the UV-curable adhesive is index-matched to
the substrates of imaging and illumination DOEs 405a
and 405b, such that reflections at adhesive interface 470
are minimized.
[0071] Light ray 464 diffracted by Illumination DOE
405a passes directly through the volume grating of Im-
aging DOE 405b because ray 464 is not Bragg-matched
to this grating. Ray 464, diffracted by illumination DOE
405a, illuminates skin-contact surface 402. Light ray 472,
reflected from skin-contact surface 402 is directed to-
wards the grating of Imaging DOE 405b.
[0072] Imaging DOE 405b is fabricated holographically
by recording a wavefront with a doubled Nd:YAG laser
(λ = 532 nm) such that reflected beam or rays 472 prop-
agating at 62.7° inside of float glass substrates 466 and
468 is redirected to propagate substantially normal to
skin-contact surface 402 while being focused at a dis-
tance approximately 75 mm away from Imaging DOE
405b.
[0073] Since light ray 474 diffracted by Imaging DOE
405b is not Bragg-matched to the volume grating of Illu-
mination DOE 405a that is located at interface 476 be-
tween glass substrates 460 and 462, diffracted ray 474
passes through Illumination DOE 405a unaffected.

[0074] Light ray 474 strikes reflective surface 411 of
mirror 410 and is directed into imaging optics 418 (as
rays 480). In one embodiment, imaging optics 418 in-
cludes a 25-mm focal length camera objective lens MV-
250-25 from Optical Product Development (Lexington,
MA) to image reflected image of the skin topology of fin-
ger 407 onto 2-D sensor 421. By way of example, an
Eastman Kodak (Rochester, NY) CMOS chip KAC-9648
(1288 x 1032 array of 6 x 6 mm pixels) can be used as
said 2-D sensor. By adjusting imaging optics 418, a mag-
nification of up to -0.2835 can be achieved, resulting in
a device capable of capturing images of 27.3 x 21.8 mm
skin areas at a digital resolution of 1200 ppi (points per
inch).
[0075] In one embodiment, spectral filter 419 is em-
ployed in the optical path between imaging optics 418
and detector 421. Spectral filter 419 can comprise filter
#5156 Fern Green from Rosco Laboratories (Stamford,
CT) and filter IRC30 from Sunex Inc. USA (Carlsbad,
CA). Said Rosco filter rejects visible light except light cen-
tered about 535nm (i.e., it passes light of the Nicchia
green diode being used). However, said Rosco filter
transmits light in the near-IR band. Therefore, inserting
Sunex filter is preferential as it has high transmission in
the visible portion of the spectrum, yet cuts out wave-
lengths above 640 nm from reaching detector 421. In
alternative embodiments the spectral filter 419 can be
one dichroic filter element that comprises layers de-
signed reject visible light except light centered about the
desired wavelength of the illumination source as well as
reject light in the near-IR band.
[0076] Another embodiment of the device of the press-
er invention is illustrated in FIG. 5. In this embodiment,
illumination source 507 comprises a plurality of light
sources 507a, 507b, 507c, etc. For clarity, the illustrated
system does not have fold mirror 410 (as shown in FIG.
4). It should be understood, however, that one of more
fold mirrors may be present between illumination source
507 and substrate block 506. In the specific example il-
lustrated in FIG. 5, illumination source 507 is comprised
of three light sources. Though three light sources are
illustrated, any number of light sources can be used. The
plurality of light sources that comprise light source 507
may be arranged in a line, but may also be arranged in
2-D or 3-D layouts.
[0077] Similarly to the embodiment depicted in FIG. 1,
the embodiment of FIG. 5 includes grating region 505
that comprises multiplexed volume holograms that form
Illumination and Imaging DOEs. When illumination
source 507 comprises a plurality of light sources, the Il-
lumination DOE located in grating region 505 preferen-
tially combines light from the plurality of light sources and
directs it towards skin-contact interface 502. It is there-
fore preferred that the light sources have low coherence
such that interference effects of the combined light sourc-
es do not manifest themselves at skin-contact interface
502.
[0078] Preferably, the holographic grating located
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within grating region 505 includes a sufficient number of
holograms to collimate and direct the light from the light
sources (507a through 507c) to skin-contact interface
502. According to claim 1 of the present invention, these
holographic gratings are co-locationally multiplexed.
[0079] Alternatively, grating region 505 may comprise
spatially separated gratings, similarly to the example de-
picted in FIG. 2, not forming part of the present invention.
In this example, each separate grating collimates and
redirects light from a separate light source 507a through
507c.

EXEMPLIFICATION

Example 1 Optical Imaging Performance of the Imaging 
Apparatus Depicted in FIG. 4

[0080] FIG. 6A and FIG. 6B illustrate the optical imag-
ing performance of one embodiment of the imaging ap-
paratus depicted in FIG. 4. In this embodiment, sub-
strates 460, 462, 468 and 466 were modeled as BK7
glass with thicknesses of 1.6, 1.6, 1.6, and 0.6 mm, re-
spectively. The device was designed to achieve 1200 ppi
electronic resolution with the use of an Eastman Kodak
(Rochester, NY) CMOS chip KAC-9648 (1288 x 1032
array of 6 x 6 mm pixels). The custom imaging optics
have the prescription as shown in Table 1.

[0081] The optical system was analyzed observing the
performance of the system at field points with coordinates
of 10.84 and 13.55, as these represents half of the full
fields corresponding to a 1280 x 1024 CMOS sensor ar-
ray operating at 1200 ppi. FIG. 6A illustrates the distortion
of the system. The distortion does not exceed 1%, while
the AFIS Level 2 specification for a 500 ppi fingerprint
scanner is <1%. FIG. 6B illustrates the modulation trans-
fer function (MTF) as a function of image-space frequen-
cy. Since the optical system has a magnification of
-0.28346, a frequency of 35.27 Hz and 70.55 Hz in image

Table 1. Imaging Optics for Performance denoted by 
FIGS 6A and 6B.

Lens Element Material Parameters (mm)

1 LAK10 R1 = 9.324
R2 = -23.875
T = 3.767

Air gap Air T= 0.635

2 SF8 R1 = -13.760
R2 = 5.425
T = 1.259

Air gap Air T = 5.206

3 SK16 R1 = -1555.9
R2 =-8.637
T = -8.637

space corresponds with 10 cycles/mm and 20 cy-
cles/mm, respectively, in object space. The AFIS Level
2 specifications for a 500 ppi scanner require that a fin-
gerprint scanner achieves MTF values of at least 0.925
for 1 cycle per mm (cy/mm), at least 0.677 for 5 cy/mm,
at least 0.458 for 10 cy/mm, at least 0.287 for 16 cy/mm,
and at least 0.210 for 20 cy/mm. FIGs. 6A and 6B show
that the imaging system diagrammed in FIG. 4 satisfies
the AFIS Level 2 500 ppi fingerprint scanner specifica-
tions for distortion and MTF.

Example 2 Optical Imaging Performance of the Imaging 
Apparatus Depicted in FIG. 4

[0082] FIG. 7A and FIG. 7B illustrate the optical imag-
ing performance of one embodiment of the imaging ap-
paratus depicted in FIG. 4. In this embodiment, by use
of a custom set of imaging optic 418, the imaging appa-
ratus is capable of passing AFIS Image Quality Specifi-
cations for 1000 ppi. The substrates 460, 462, 468 and
466 were modeled as per above for BK7 glass with thick-
nesses of 1.6,1.6, 1.6, and 0.6 mm, respectively. The
custom imaging optics have the prescription as shown
in Table 2.

[0083] FIG. 7A illustrates the distortion of the system.
The maximum distortion is 0.77% which slightly exceeds
the AFIS Level 2 specification for a 1000 ppi fingerprint
scanner that is <0.7%. To one skilled in the art, it is
straight-forward to digitally correct the distortion level to
bring the system in compliance with said AFIS Level 2
specification. FIG. 6B illustrates the modulation transfer
function (MTF) as a function of image-space. Since the
optical system has a magnification of -0.28346, a fre-
quency of 35.27 Hz and 70.55 Hz in image space corre-
sponds with 10 cycles/mm and 20 cycles/mm, respec-
tively, in object space. The AFIS Level 2 specifications
for a 500 ppi scanner require that a fingerprint scanner

Table 2. Imaging Optics for Performance denoted by 
FIGS 7A and 7B.

Lens Element Material Parameters (mm)

1 LAK10 R1 = 9.265
R2 = -18.779
T = 3.767

Air gap Air T = 0.635

2 SF8 R1 = -11.523
R2 = 5.649
T = 1.259

Air gap Air T = 5.206

3 SK16 R1 = 1787.14 
(cyl.)
R2 = -8.916

T = -4.709
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achieves MTF values of at least 0.925 for 1 cycle per mm
(cy/mm), at least 0.677 for 5 cy/mm, at least 0.458 for 10
cy/mm, at least 0.287 for 16 cy/mm, and at least 0.210
for 20 cy/mm. FIGS. 7A and 7B show that the imaging
system diagrammed in FIG. 4 satisfies the AFIS Level 2
500 ppi fingerprint scanner specifications for distortion
and MTF.

Example 3 Fingerprints Taken with the Apparatus De-
picted in FIG. 4

[0084] In FIG. 8A and FIG 8B are images of fingerprints
that were taken with the apparatus depicted in FIG. 4.
FIG. 8A illustrates the fingerprint at 1200 ppi of a subject
that was taken dry (i.e., no moisture added to the finger).
The image captured is approximately 27.3 x 21.8 mm
across. In FIG. 8B an image of the same finger was taken
under the same conditions as the fingerprint in FIG. 8A
with the exception that a saturated salt water solution
was poured on skin contact surface 402. FIG. 8B illus-
trates the apparatus constructed as exemplification of
embodiments of the present invention operates at a TIR
angle that is higher than the TIR angle for float glass to
salt water and in this manner fingerprints can still be taken
of a substrate with sweaty hands and/or in a very humid
environment.

Claims

1. An apparatus for acquiring an image of skin topology
(101), comprising:

at least one light source (407,507) for forming a
source beam (480);
skin contacting means (302, 402, 502, 506), dis-
posed in the optical path of the illuminating
beam, for at least partially reflecting the illumi-
nating beam at regions of a boundary between
the skin contacting means and skin not in con-
tact with the skin contacting means, thereby
forming a reflected beam (314, 472);
detection means (418, 421) for receiving at least
a portion of an image beam and thereby detect-
ing an acquired image;
illumination diffractive means disposed in the
optical path of the source beam, for diffracting
the source beam and thereby forming an illumi-
nating beam (313, 464), wherein the illumination
diffractive means comprises at least one illumi-
nation diffractive optical element (405a); and
at least one imaging diffractive means, disposed
in the optical path of the reflected beam, for dif-
fracting, redirecting and partially focusing the re-
flected light beam, thereby forming an image
beam (474), wherein the imaging diffractive
means comprises at least one imaging diffrac-
tive optical element (405b);

wherein the at least one illumination diffractive
optical element (405a) and the at least one im-
aging diffractive optical element (405b) com-
prise volume gratings which are co-locationally
multiplexed,
characterized in that the illumination diffractive
means is a transmissive illumination diffractive
means and the illumination diffractive optical el-
ement is a transmissive illumination diffractive
optical element (405a).

2. The apparatus of Claim 1, wherein the at least one
transmissive illumination diffractive optical element
(405a) is configured to reconstruct the source beam,
and the at least one imaging diffractive optical ele-
ment (405b) is configured to reconstruct the reflected
beam.

3. The apparatus of Claim 1, wherein the skin contact-
ing means comprises a skin-contact surface and the
at least one transmissive illumination diffractive op-
tical element is configured so that the illuminating
beam totally internally reflects at the regions of the
boundary between the skin-contact surface and skin
that are not in contact with the skin-contact surface.

4. The apparatus of Claim 3, wherein the skin-contact
surface comprises a hydrophilic layer (302).

5. The apparatus of Claim 3, wherein the skin-contact
surface comprises a plurality of separable hy-
drophilic layers disposed in a stack.

6. The apparatus of Claim 1, the detection means in-
cluding a sensor array (421) and imaging optics
(418) disposed in the optical path of the image beam,
said imaging optics configured to relay the image
beam to the sensor array (421).

7. The apparatus of Claim 6, wherein the at least one
imaging diffractive optical element partially focuses
the image beam, thereby serving as an objective lens
for the imaging optics.

8. The apparatus of Claim 7, wherein the imaging optics
has a predetermined optical power.

9. The apparatus of Claim 8, wherein the imaging optics
relays an image beam of predetermined optical res-
olution to the sensor array.

10. The apparatus of Claim 1, wherein one or both of
the at least one transmissive illumination diffractive
optical element and the at least one imaging diffrac-
tive optical element is polarization-sensitive.

11. The apparatus of Claim 2, further including at least
one mirror (110, 410) configured to relay the source
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beam to the at least one transmissive illumination
diffractive optical element and to relay the image
beam to the detection means.

12. The apparatus of Claim 1, further including a spectral
filter (119, 419) disposed in the optical path of one
or more beams selected from the group of the source
beam, the illuminating beam, the reflected beam,
and the image beam.

13. The apparatus of Claim 12, wherein the spectral filter
transmits light of the wavelengths emitted by the light
source.

14. The apparatus of Claim 13, wherein the spectral filter
is a dichroic filter or an absorbance filter.

15. The apparatus of Claim 1, further including a linear
polarizer filter (120) disposed in the optical path of
one or more beams selected from the group of the
source beam, the illuminating beam, the reflected
beam, and the image beam.

16. The apparatus of Claim 1, wherein the at least one
light source comprises a plurality of light sources
(507a, 507b, 507c).

17. The apparatus of Claim 1, further including a detec-
tion system for detecting an object in contact with
the skin contacting means (102, 106, 122, 140, 141,
142).

18. A method of acquiring an image of skin topology
(101), comprising:

directing a source beam (480) from a light
source (407, 507) to at least one illumination dif-
fractive optical element (405 a), thereby diffract-
ing the source beam and forming an illuminating
beam (313, 464);
directing the illuminating beam at a skin contact
surface (302, 402, 502), configured to at least
partially reflect the illuminating beam when the
skin contact surface is not in contact with skin,
thereby at least partially reflecting the illuminat-
ing beam and forming a reflected beam (314,
472);
directing the reflected beam to at least one im-
aging diffractive optical element (405b); and
directing an image beam at a sensor array (421),
thereby detecting an acquired image;
wherein the reflected beam is diffracted, redi-
rected and partially focused by the at least one
imaging diffractive optical element (405b); and
the at least one illumination diffractive optical
element (405a) and the at least one imaging dif-
fractive optical element (405b) comprise volume
gratings which are co-locationally multiplexed,

characterized in that the at least one illumina-
tion diffractive optical element (405a) is a trans-
missive illumination diffractive optical element
(405a).

19. The method of Claim 18, wherein the at least one
transmissive illumination diffractive optical element
is configured so that the illuminating beam totally in-
ternally reflects at the regions of a boundary between
the skin-contact surface and skin not in contact with
the skin-contact surface.

20. The method of Claim 18, wherein the at least one
transmissive illumination diffractive optical element
is configured to reconstruct the source beam, and
the at least one imaging diffractive optical element
is configured to reconstruct the reflected beam.

21. The method of Claim 18, further including directing
the image beam at imaging optics (418), thereby re-
laying the image beam to the sensor array.

22. The method of Claim 21, wherein the at least one
imaging diffractive optical element partially focuses
the image beam, thereby serving as an objective lens
for the imaging optics.

23. The method of Claim 21, wherein the imaging optics
has a predetermined optical power.

24. The method of Claim 23, wherein the imaging optics
relays an image beam of predetermined resolution
to the sensor.

25. The method of Claim 18, further including directing
the source beam to at least one mirror (110, 410),
thereby relaying the source beam to the at least one
transmissive illumination diffractive optical element.

26. The method of Claim 18, further including directing
one or more beams selected from the group of the
source beam, the illuminating beam, the reflected
beam, and the image beam at a spectral filter (119).

27. The method of Claim 26, wherein the spectral filter
is a dichroic filter or a absorbance filter.

28. The method of Claim 18, further including directing
one or more beams selected from the group of the
source beam, the illuminating beam, the reflected
beam, and the image beam at a linear polarizer filter
(120).

29. The method of Claim 18 wherein at least one of the
diffractive optical elements are polarization-sensi-
tive.

30. The method of Claim 18, further including detecting
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an object in contact with the skin contact surface by
a detection system (102, 106, 122, 140, 141, 142).

Patentansprüche

1. Eine Vorrichtung zum Akquirieren eines Bildes von
Haut-Topologie (101), umfassend: mindestens eine
Lichtquelle (407, 507) zum Bilden eines Quellstrahls
(480);
Mittel zum Kontaktieren von Haut (302, 402, 502,
506), angeordnet im optischen Pfad des beleuchten-
den Strahls, für ein mindestens teilweises Reflektie-
ren des beleuchtenden Strahls in Regionen einer
Grenze zwischen den Mitteln zum Kontaktieren von
Haut und Haut, die nicht in Kontakt mit den Mitteln
zum Kontaktieren von Haut ist, dabei einen reflek-
tierenden Strahl bildend (314, 472);
Mittel zur Detektion (418, 421) für ein Empfangen
von mindestens einem Teil von einem Bildstrahl und
dabei Detektieren eines akquirierten Bildes; Mittel
zur Beugung von Beleuchtung, angeordnet in dem
optischen Pfad der Quellstrahl, zum Beugen des
Quellstrahls und dabei einen beleuchtenden Strahl
(313, 464) bildend, wobei das Mittel zur Beugung
von Beleuchtung mindestens ein optisches Element
zur Beugung von Beleuchtung (405a) umfasst; und
mindestens ein Mittel zur beugenden Abbildung, an-
geordnet in dem optischen Pfad des reflektierten
Strahls, für ein Beugen, Umlenken und teilweises
Fokussieren des reflektierten Lichtstrahls, dabei ei-
nen Bildstrahl (474) bildend, wobei das Mittel zur
beugenden Abbildung mindestens ein optisches
Element (405b) zur beugenden Abbildung umfasst;
wobei das mindestens eine optische Element zur
Beugung von Beleuchtung (405a) und das mindes-
tens eine optische Element (405b) zur beugenden
Abbildung Volumengitter umfassen, welche am glei-
chen Ort gebündelt sind,
charakterisiert dadurch, dass das Mittel zur Beugung
von Beleuchtung ein transmissives Mittel zur Beu-
gung von Beleuchtung ist, und dass das optische
Element zur Beugung von Beleuchtung ein trans-
missives optisches Element (405a) zur Beugung von
Beleuchtung ist.

2. Die Vorrichtung nach Anspruch 1, wobei das min-
destens eine transmissive optische Element (405a)
zur Beugung von Beleuchtung dazu ausgelegt ist,
den Quellstrahl zu rekonstruieren, und wobei das
mindestens eine optische Element (405b) zur beu-
genden Abbildung dazu ausgelegt ist, den reflektier-
ten Strahl zu rekonstruieren.

3. Die Vorrichtung nach Anspruch 1, wobei das Mittel
zum Kontaktieren von Haut eine Haut-Kontakt-Ober-
fläche umfasst, und wobei das mindestens eine
transmissive optische Element zur Beugung von Be-

leuchtung so ausgelegt ist, dass der beleuchtende
Strahl sich intern total reflektiert in den Regionen der
Grenze zwischen der Haut-Kontakt-Oberfläche und
Haut, die nicht in Kontakt mit der Haut-Kontakt-Ober-
fläche ist.

4. Die Vorrichtung nach Anspruch 3, wobei die Haut-
Kontakt-Oberfläche eine hydrophile Schicht (302)
umfasst.

5. Die Vorrichtung nach Anspruch 3, wobei die Haut-
Kontakt-Oberfläche eine Mehrzahl von trennbaren
hydrophilen Schichten umfasst, die in einem Stapel
angeordnet sind.

6. Die Vorrichtung nach Anspruch 1, die Mittel zur De-
tektion umfassend ein Sensorfeld (421) und Abbil-
dungsoptik (418), die in dem optischen Pfad des
Bildstrahls angeordnet ist, wobei besagte Abbil-
dungsoptik dazu ausgelegt ist, den Bildstrahl an das
Sensorfeld (421) weiterzuleiten.

7. Die Vorrichtung nach Anspruch 6, wobei das min-
destens eine optische Element zur beugenden Ab-
bildung den Bildstrahl teilweise fokussiert, dabei als
Objektivlinse für die Abbildungsoptik dienend.

8. Die Vorrichtung nach Anspruch 7, wobei die Abbil-
dungsoptik eine vorbestimmte optische Leistung
hat.

9. Die Vorrichtung nach Anspruch 8, wobei die Abbil-
dungsoptik einen Bildstrahl von vorbestimmter opti-
scher Auflösung an das Sensorfeld weiterleitet.

10. Die Vorrichtung nach Anspruch 1, wobei eines oder
beide von dem mindestens einen transmissiven op-
tischen Element zur Beugung von Beleuchtung und
dem mindestens einen transmissiven optischen Ele-
ment zur beugenden Abbildung polarisations-sensi-
tiv sind.

11. Die Vorrichtung nach Anspruch 2, weiter umfassend
mindestens einen Spiegel (110, 410), der dazu aus-
gelegt ist, den Quellstrahl zu dem mindestens einen
transmissiven optischen Element zur Beugung von
Beleuchtung weiterzuleiten, und den Bildstrahl zu
den Mitteln zur Detektion weiterzuleiten.

12. Die Vorrichtung nach Anspruch 1, weiter umfassend
einen Spektralfilter (119, 419), der in dem optischen
Pfad von einem oder mehreren Strahlen angeordnet
ist, die ausgewählt werden aus der Gruppe des
Quellstrahls, des Beleuchtungsstrahls, des reflek-
tierten Strahls und des Bildstrahls.

13. Die Vorrichtung nach Anspruch 12, wobei der Spek-
tralfilter Licht der Wellenlängen durchlässt, die von
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der Lichtquelle emittiert werden.

14. Die Vorrichtung nach Anspruch 13, wobei der Spek-
tralfilter ein dichroitischer Filter oder ein Absorptions-
filter ist.

15. Die Vorrichtung nach Anspruch 1, weiter umfassend
einen linearen Polarisationsfilter (120), der in dem
optischen Pfad von einem oder mehreren Strahlen
angeordnet ist, die ausgewählt werden aus der
Gruppe des Quellstrahls, des Beleuchtungsstrahls,
reflektierten Strahls und des Bildstrahls.

16. Die Vorrichtung nach Anspruch 1, wobei die mindes-
tens eine Lichtquelle eine Mehrzahl von Lichtquellen
(507a, 507b, 507c) umfasst.

17. Die Vorrichtung nach Anspruch 1, weiter umfassend
ein Detektionssystem zum Detektieren eines Ob-
jekts in Kontakt mit dem Mittel zum Kontaktieren von
Haut (102, 106, 122, 140, 141, 142).

18. Ein Verfahren zum Akquirieren eines Bildes von
Haut-Topologie (101), umfassend:

Richten eines Quellstrahls (480) von einer Licht-
quelle (407, 507) auf mindestens ein optisches
Element (405a) zur Beugung von Beleuchtung,
dabei den Quellstrahl beugend und einen Be-
leuchtungsstrahl (313, 464) bildend;
Richten des Beleuchtungsstrahls auf eine Haut-
Kontakt-Oberfläche (302, 402, 502), die dazu
ausgelegt ist den Beleuchtungsstrahl mindes-
tens teilweise zu reflektieren, wenn die Haut-
Kontakt-Oberfläche nicht in Kontakt mit Haut ist,
dabei mindestens teilweise den Beleuchtungs-
strahl reflektierend und einen reflektierten Strahl
(314, 472) bildend;
Richten des reflektierten Strahls auf mindestens
eine optisches Element (405b) zur beugenden
Abbildung; und
Richten eines Bildstrahls auf ein Sensorfeld
(421), dabei ein akquiriertes Bild detektierend;
wobei der reflektierte Strahl durch das mindes-
tens eine optische Element (405b) zur beugen-
den Abbildung gebeugt wird, umgelenkt wird
und
teilweise fokussiert wird; und
das mindestens eine optische Element zur Beu-
gung von Beleuchtung (405a) und das mindes-
tens eine optische Element (405b) zur beugen-
den Abbildung umfassen Volumengitter, welche
am gleichen Ort gebündelt sind,
charakterisiert dadurch, dass das mindestens
eine optische Element (405a) zur Beugung von
Beleuchtung ein transmissives optisches Ele-
ment (405a) zur Beugung von Beleuchtung ist.

19. Das Verfahren nach Anspruch 18, wobei das min-
destens eine transmissive optische Element zur
Beugung von Beleuchtung so ausgelegt ist, dass der
beleuchtende Strahl sich intern total reflektiert in den
Regionen der Grenze zwischen der Haut-Kontakt-
Oberfläche und Haut, die nicht in Kontakt mit der
Haut-Kontakt-Oberfläche ist.

20. Das Verfahren nach Anspruch 18, wobei das min-
destens eine transmissive optische Element zur
Beugung von Beleuchtung dazu ausgelegt ist, den
Quellstrahl zu rekonstruieren, und wobei das min-
destens eine optische Element zur beugenden Ab-
bildung dazu ausgelegt ist, den reflektierten Strahl
zu rekonstruieren.

21. Das Verfahren nach Anspruch 18, weiter umfassend
Richten des Bildstrahls auf die Abbildungsoptik
(418), dabei den Bildstrahl an das Sensorfeld wei-
terleitend.

22. Das Verfahren nach Anspruch 21, wobei das min-
destens eine optische Element zur beugenden Ab-
bildung den Bildstrahl teilweise fokussiert, dabei als
Objektivlinse für die Abbildungsoptik dienend.

23. Das Verfahren nach Anspruch 21, wobei die Abbil-
dungsoptik eine vorbestimmte optische Leistung
hat.

24. Das Verfahren nach Anspruch 23, wobei die Abbil-
dungsoptik einen Bildstrahl von vorbestimmter Auf-
lösung an das Sensorfeld weiterleitet.

25. Das Verfahren nach Anspruch 18, weiter umfassend
Richten des Quellstrahls auf mindestens einen Spie-
gel (110, 410), dabei den Quellstrahl an das mindes-
tens eine transmissive optische Element zur Beu-
gung von Beleuchtung weiterleitend.

26. Das Verfahren nach Anspruch 18, weiter umfassend
Richten eines oder mehrerer Strahlen, die ausge-
wählt werden aus der Gruppe aus dem Quellstrahl,
dem Beleuchtungsstrahl, dem reflektierten Strahl
und dem Bildstrahl auf einen Spektralfilter (119).

27. Das Verfahren nach Anspruch 26, wobei der Spek-
tralfilter ein dichroitischer Filter oder ein Absorptions-
filter ist.

28. Das Verfahren nach Anspruch 18, weiter umfassend
Richten eines oder mehrerer Strahlen, die ausge-
wählt werden aus der Gruppe aus dem Quellstrahl,
dem Beleuchtungsstrahl, dem reflektierten Strahl
und dem Bildstrahl auf einen linearen Polarisations-
filter.

29. Das Verfahren nach Anspruch 18, wobei mindestens
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eines der beugenden optischen Elemente polarisa-
tions-sensitiv ist.

30. Das Verfahren nach Anspruch 18, weiter umfassend
Detektieren eines Objekts in Kontakt mit der Haut-
Kontakt-Oberfläche durch ein Detektionssystem
(102, 106, 122, 140, 141, 142).

Revendications

1. Appareil pour acquérir une image de topologie de la
peau (101), comprenant :

au moins une source de lumière (407, 507) pour
former un faisceau source (480) ;
un moyen de mise en contact avec la peau (302,
402, 502, 506), disposé sur le chemin optique
du faisceau d’éclairage, pour réfléchir au moins
partiellement le faisceau d’éclairage au niveau
de régions d’une frontière entre le moyen de mi-
se en contact avec la peau et la peau non en
contact avec le moyen de mise en contact avec
la peau, formant ainsi un faisceau réfléchi (314,
472) ;
un moyen de détection (418, 421) pour recevoir
au moins une partie d’un faisceau image et dé-
tecter ainsi une image acquise ;
un moyen diffractif d’éclairage, disposé sur le
chemin optique du faisceau source, pour diffrac-
ter le faisceau source et former ainsi un faisceau
d’éclairage (313, 464), le moyen diffractif
d’éclairage comprenant au moins un élément
optique diffractif d’éclairage (405a) ; et
au moins un moyen diffractif d’imagerie, disposé
sur le chemin optique du faisceau réfléchi, pour
diffracter, rediriger et partiellement focaliser le
faisceau lumineux réfléchi, formant ainsi un fais-
ceau image (474), le moyen diffractif d’imagerie
comprenant au moins un élément optique dif-
fractif d’imagerie (405b) ;
dans lequel l’au moins un élément optique dif-
fractif d’éclairage (405a) et l’au moins un élé-
ment optique diffractif d’imagerie (405b) com-
prennent des réseaux volumiques qui sont co-
multiplexés en position,
caractérisé en ce que le moyen diffractif
d’éclairage est un moyen diffractif d’éclairage
transmissif et l’élément optique diffractif d’éclai-
rage est un élément optique diffractif d’éclairage
transmissif (405a).

2. Appareil selon la revendication 1, dans lequel l’au
moins un élément optique diffractif d’éclairage trans-
missif (405a) est configuré pour reconstruire le fais-
ceau source, et l’au moins un élément optique dif-
fractif d’imagerie (405b) est configuré pour recons-
truire le faisceau réfléchi.

3. Appareil selon la revendication 1, dans lequel le
moyen de mise en contact avec la peau comprend
une surface de contact avec la peau et l’au moins
un élément optique diffractif d’éclairage transmissif
est configuré de telle sorte que le faisceau d’éclai-
rage subit une réflexion totale interne au niveau des
régions de la frontière entre la surface de contact
avec la peau et la peau qui n’est pas en contact avec
la surface de contact avec la peau.

4. Appareil selon la revendication 3, dans lequel la sur-
face de contact avec la peau comprend une couche
hydrophile (302).

5. Appareil selon la revendication 3, dans lequel la sur-
face de contact avec la peau comprend une pluralité
de couches hydrophiles séparables disposées en un
empilement.

6. Appareil selon la revendication 1, le moyen de dé-
tection comportant un réseau de capteurs (421) et
une optique d’imagerie (418) disposée sur le chemin
optique du faisceau image, ladite optique d’imagerie
étant configurée pour relayer le faisceau image jus-
qu’au réseau de capteurs (421).

7. Appareil selon la revendication 6, dans lequel l’au
moins un élément optique diffractif d’imagerie foca-
lise partiellement le faisceau image, servant ainsi
d’objectif pour l’optique d’imagerie.

8. Appareil selon la revendication 7, dans lequel l’opti-
que d’imagerie a une puissance optique prédétermi-
née.

9. Appareil selon la revendication 8, dans lequel l’opti-
que d’imagerie relaye un faisceau image de résolu-
tion optique prédéterminée jusqu’au réseau de cap-
teurs.

10. Appareil selon la revendication 1, dans lequel l’au
moins un élément optique diffractif d’éclairage trans-
missif et/ou l’au moins un élément optique diffractif
d’imagerie sont sensibles à la polarisation.

11. Appareil selon la revendication 2, comportant en
outre au moins un miroir (110, 410) configuré pour
relayer le faisceau source jusqu’à l’au moins un élé-
ment optique diffractif d’éclairage transmissif et pour
relayer le faisceau image jusqu’au moyen de détec-
tion.

12. Appareil selon la revendication 1, comportant en
outre un filtre spectral (119, 419) disposé sur le che-
min optique d’un ou plusieurs faisceaux choisis dans
le groupe constitué par le faisceau source, le fais-
ceau d’éclairage, le faisceau réfléchi, et le faisceau
image.
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13. Appareil selon la revendication 12, dans lequel le
filtre spectral transmet la lumière des longueurs d’on-
de émises par la source de lumière.

14. Appareil selon la revendication 13, dans lequel le
filtre spectral est un filtre dichroïque ou un filtre d’ab-
sorbance.

15. Appareil selon la revendication 1, comportant en
outre un filtre polariseur linéaire (120) disposé sur le
chemin optique d’un ou plusieurs faisceaux choisis
dans le groupe constitué par le faisceau source, le
faisceau d’éclairage, le faisceau réfléchi, et le fais-
ceau image.

16. Appareil selon la revendication 1, dans lequel l’au
moins une source de lumière comprend une pluralité
de sources de lumière (507a, 507b, 507c).

17. Appareil selon la revendication 1, comportant en
outre un système de détection pour détecter un objet
en contact avec le moyen de mise en contact avec
la peau (102, 106, 122, 140, 141, 142).

18. Procédé d’acquisition d’une image de topologie de
la peau (101), comprenant :

l’acheminement d’un faisceau source (480) de-
puis une source de lumière (407, 507) jusqu’à
au moins un élément optique diffractif d’éclaira-
ge (405a), pour diffracter ainsi le faisceau sour-
ce et former un faisceau d’éclairage (313, 464) ;
l’acheminement du faisceau d’éclairage jusqu’à
une surface de contact avec la peau (302, 402,
502), configurée pour réfléchir au moins partiel-
lement le faisceau d’éclairage quand la surface
de contact avec la peau n’est pas en contact
avec la peau, pour réfléchir ainsi au moins par-
tiellement le faisceau d’éclairage et former un
faisceau réfléchi (314, 472) ;
l’acheminement du faisceau réfléchi jusqu’à au
moins un élément optique diffractif d’imagerie
(405b) ; et
l’acheminement d’un faisceau image jusqu’à un
réseau de capteurs (421), pour détecter ainsi
une image acquise ;
dans lequel le faisceau réfléchi est diffracté, re-
dirigé et partiellement focalisé par l’au moins un
élément optique diffractif d’imagerie (405b) ; et
l’au moins un élément optique diffractif d’éclai-
rage (405a) et l’au moins un élément optique
diffractif d’imagerie (405b) comprennent des ré-
seaux volumiques qui sont co-multiplexés en
position,
caractérisé en ce que l’au moins un élément
optique diffractif d’éclairage (405a) est un élé-
ment optique diffractif d’éclairage transmissif
(405a).

19. Procédé selon la revendication 18, dans lequel l’au
moins un élément optique diffractif d’éclairage trans-
missif est configuré de telle sorte que le faisceau
d’éclairage subit une réflexion totale interne au ni-
veau des régions d’une frontière entre la surface de
contact avec la peau et la peau non en contact avec
la surface de contact avec la peau.

20. Procédé selon la revendication 18, dans lequel l’au
moins un élément optique diffractif d’éclairage trans-
missif est configuré pour reconstruire le faisceau
source, et l’au moins un élément optique diffractif
d’imagerie est configuré pour reconstruire le fais-
ceau réfléchi.

21. Procédé selon la revendication 18, comportant en
outre l’acheminement du faisceau image jusqu’à une
optique d’imagerie (418), pour relayer ainsi le fais-
ceau image jusqu’au réseau de capteurs.

22. Procédé selon la revendication 21, dans lequel l’au
moins un élément optique diffractif d’imagerie foca-
lise partiellement le faisceau image, servant ainsi
d’objectif pour l’optique d’imagerie.

23. Procédé selon la revendication 21, dans lequel l’op-
tique d’imagerie a une puissance optique prédéter-
minée.

24. Procédé selon la revendication 23, dans lequel l’op-
tique d’imagerie relaye un faisceau image de réso-
lution prédéterminée jusqu’au capteur.

25. Procédé selon la revendication 18, comportant en
outre l’acheminement du faisceau source jusqu’à au
moins un miroir (110, 410), pour relayer ainsi le fais-
ceau source jusqu’à l’au moins un élément optique
diffractif d’éclairage transmissif.

26. Procédé selon la revendication 18, comportant en
outre l’acheminement d’un ou plusieurs faisceaux
choisis dans le groupe constitué par le faisceau sour-
ce, le faisceau d’éclairage, le faisceau réfléchi, et le
faisceau image jusqu’à un filtre spectral (119).

27. Procédé selon la revendication 26, dans lequel le
filtre spectral est un filtre dichroïque ou un filtre d’ab-
sorbance.

28. Procédé selon la revendication 18, comportant en
outre l’acheminement d’un ou plusieurs faisceaux
choisis dans le groupe constitué par le faisceau sour-
ce, le faisceau d’éclairage, le faisceau réfléchi, et le
faisceau image jusqu’à un filtre polariseur linéaire
(120).

29. Procédé selon la revendication 18, dans lequel au
moins un des éléments optiques diffractifs est sen-
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sible à la polarisation.

30. Procédé selon la revendication 18, comportant en
outre la détection d’un objet en contact avec la sur-
face de contact avec la peau par un système de dé-
tection (102, 106, 122, 140, 141, 142).
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